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Preface

Scope and Purpose of the HIV Molecular Immunology
Database

HIV Molecular Immunology is a companion volume to Human Retroviruses
and AIDS Genetic Sequence Compendium. This publication, the 2002 issue,
is the printed version of the Web-based HIV Immunology Database (http:
//hiv-web.lanl.gov/immunology). The web interface for this rela-
tional database has many search options, as well as interactive tools to help im-
munologists design reagents and interpret their results.

The data included in this database is extracted from the HIV immunology lit-
erature. HIV-specific B-cell and T-cell responses are summarized and annotated.
Immunological responses are divided into three sections, CTL, T helper, and
antibody. Within these sections, defined epitopes are organized by protein and
binding sites within each protein, moving from left to right through the coding
regions spanning the HIV genome. We include human responses to natural HIV
infections, as well as vaccine studies in a range of animal models and human
trials. Responses that are not specifically defined, such as responses to whole
proteins or monoclonal antibody responses to discontinuous epitopes, are sum-
marized at the end of each protein sub-section. Studies describing general HIV
responses to the virus, but not to any specific protein, are included at the end of
each section.

The annotation includes information such as cross-reactivity, escape muta-
tions, antibody sequence, TCR usage, functional domains that overlap with an
epitope, immune response associations with rates of progression and therapy,
and how specific epitopes were experimentally defined. Basic information such
as HLA specificities for T-cell epitopes, isotypes of monoclonal antibodies, and
epitope sequences are included whenever possible. All studies that we can find
that incorporate the use of a specific monoclonal antibody are included in the en-
try for that antibody. A single T cell epitope can have multiple entries, generally
one entry per study.

Finally, maps of all defined linear epitopes relative to the HXB2 reference
proteins are provided. Alignments of CTL, helper T-cell, and antibody epi-
topes are available through the search interface on our web site at http://
hiv-web.lanl.gov/immunology.

Only responses to HIV-1 and HIV-2 are included in the database. CTL re-
sponses to SIVs have been periodically summarized in our review section by Dr.

Dave Watkins and colleagues. (For their most recent review, please see: Where
Have All The Monkeys Gone?: Evaluating SIV-Specific CTL in the Post-Mamu-
A*01 Era David H. O’Connor, Todd M. Allen, and David I. Watkins, in the 2001
HIV Immunology compendium). Dr. Christian Brander and colleagues annually
provide a concise listing of optimal CTL epitopes. Additional reviews that our
editorial board deems of general interest to the HIV research immunology com-
munity are solicited each year. This year’s reviews are printed in the first section
of this database; reviews from previous years can be found at: http://www.
hiv.lanl.gov/content/hiv-db/REVIEWS/reviews.htmll

Comments on the database or requests for the hard copy can be sent via email
to/immuno@tl10.lanl.gov.

Citing the Database

This publication may be cited as

HIV Molecular Immunology 2002. Bette T. M. Korber, Christian
Brander, Barton F. Haynes, Richard Koup, Carla Kuiken, John P.
Moore, Bruce D. Walker, and David 1. Watkins, editors. Publisher:
Los Alamos National Laboratory, Theoretical Biology and Biophys-
ics, Los Alamos, New Mexico. LA-UR 03-5816.

About the Cover

The illustration used for the cover of this
year’s immunology compendium highlights

HIV Molecular Immmunobogy 2002

Tﬂ n the location of the most variable amino acids
E', ?_ in gp4l, and was extracted from the re-
¥ i1 view: Mutational Analyses and Natural Vari-
:-‘_.. _}‘:} ability of the gp4l Ectodomam., by Rogier
7 A W. Sanders, Bette Korber, Min Lu, Ben
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Berkhout, and John P. Moore (this volume).

1
!

DEC 2002


http://hiv-web.lanl.gov/immunology
http://hiv-web.lanl.gov/immunology
http://hiv-web.lanl.gov/immunology
http://hiv-web.lanl.gov/immunology
http://www.hiv.lanl.gov/content/hiv-db/REVIEWS/reviews.html
http://www.hiv.lanl.gov/content/hiv-db/REVIEWS/reviews.html
mailto:immuno@t10.lanl.gov

Preface About the PDF

About the PDF

The complete HIV Molecular Immunology 2002 is available in Adobe Portable
Document Format (PDF) from our website, http://hiv-web.lanl.gov/
immunology. The PDF version is hypertext enabled and features ‘clickable’
table-of-contents, indexes, references and links to external web sites.
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Landmarks of the HIV-1, HIV-2,

and SIV genomes. The gene start, indicated by the small number in the upper left corner of each rectangle normally records

the position of the a in the at g start codon for that gene while the number in the lower right records the last position of the stop codon. For pol, the start is taken to
be the first t in the sequence ttttttag which forms part of the stem loop that potentiates ribosomal slippage on the RNA and a resulting —1 frameshift and the
translation of the Gag-Pol polyprotein. The tar and rev spliced exons are shown as shaded rectangles. In HXB2, *5628 and *5772 mark positions of frameshifts in the
vpr gene; 16062 indicates a defective acg start codon in vpu; 18424 and 19168 mark premature stop codons in zar and nef. See Korber et al., Numbering Positions in
HIV Relative to HXB2CG, in Human Retroviruses and AIDS, 1998, p. 102. Available from http://hiv-web.lanl.gov/HTML/reviews/HXB2.html,
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HIV/SIV Proteins

HIV/SIV Proteins
Name Size Function Localization
Gag MA pl7 membrane anchoring; env interaction; nuclear transport of virion
viral core. (myristylated protein)
CA p24 core capsid virion
NC p7 nucleocapsid, binds RNA virion
po binds Vpr virion
Protease (PR) pl5 gag/pol cleavage and maturation virion
Reverse Transcriptase (RT) p66, p51 reverse transcription virion
RNase H (heterodimer) RNAse H activity virion
Integrase (IN) DNA provirus integration virion
Env gp120/gp41 external viral glycoproteins bind to CD4 and chemokine plasma membrane, virion envelope
co-receptors
Tat plé/pl4d viral transcriptional transactivator primarily in nucleolus/nucleus
Rev pl9 RNA transport, stability and utilization factor (phosphoprotein)  primarily in nuleolus/nucleus shuttling
between nucleolus and cytoplasm
Vif p23 viral infectivity factor, inhibits minus-strand viral DNA cytoplasm (cytosol, membranes), virion
hypermutation
Vpr pl0-15 promotes nuclear localization of preintegration complex, virion nucleus (nuclear membrane?)
inhibits cell division, arrests infected cells at G2/M
Vpu plé promotes extracellular release of viral particles; degrades CD4  integral membrane protein
in the ER; (phosphoprotein only in HIV-1 and SIVcpz)
Nef p27-p25 CD4 and class I downregulation (myristylated protein) plasma membrane, cytoplasm, (virion?)
Vpx pl2-16 Vpr homolog present in HIV-2 and some SIVs absent in HIV-1  virion (nucleus?)
Tev p28 tripartite tat-env-rev protein (also named Tnv) primarily in nucleolus/nucleus
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Abbreviations

Abbreviations

Common abbreviations used in this database.

Abbrev. Meaning

Ab Antibody

ADCC Antibody-Dependent Cell-medicated Cytotoxicity

ADE Antibody-Dependent Enhancement

APC Antigen Presenting Cell

AZT Azidothymidine

CD4BS CD4 Binding Site

CD4i Antibody that has enhanced binding to gp120 in the
presence of SCD4 (CD4 induced)

CSF Cerebrospinal Fluid

CTL Cytotoxic T Lymphocyte

CTLp CTL precursor

DTT Dithiothrietol

EIA Enzyme Immuno Assay

ELISA Enzyme Linked ImmunoSorbent Assay

ER Endoplasmic reticulum

Fabs Fragment Antigen Binding-univalent antibody
fragment

FIV Feline Immunodeficiency Virus

gp Glycoprotein

HIV Human Immunodeficiency Virus

HLA Human Leukocyte Antigens

HLA-MHC Human Leukocyte Antigens-Major
Histocompatibility Complex

IFN Interferon

IL Interleukin

IN Integrase

Preface

Abbrev. Meaning

Ig Immunoglobulin

MADb Monoclonal Antibody

MHC Major Histocompatibility Complex

MRC Medical Research Council, UK

NAb Neutralizing Antibody

NIBSC  National Institute for Biological Standards and
Control, UK

NIH National Institutes of Health

PBLs Peripheral Blood Lymphocyte

PBMC  Peripheral Blood Mononuclear Cell

PR Protease

RAC Ricin A Chain

rec/t recombinant

RIP Recombinant Identification Program

RIPA Radio Immuno Precipitation assay

rsgpl60  recombinant soluble gp160

RT Reverse Transcriptase

sCD4 soluble CD4

SDS Sodium Duodecyl Sulfate

SIV Simian Immunodeficiency Virus

Th T-helper cell

TNF Tumor Necrosis Factor

VLP Virus like particle, assembled from p55 gag

\'AY% Vaccinia virus

WB Western Blot
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Total Assessment of HIV-Specific CTL Responses: Epitope Clustering, Processing
Preferences, and the Impact of HIV Sequence Heterogeneity

Nicole Frahm!, Philip J.R. Goulder!*?, and Christian Brander!

LPartners AIDS Research Center, Massachusetts General Hospital, Boston, USA.
2The Peter Medawar Building for Pathogen Research, Oxford, UK.

The HIV Immunology database at the Los Alamos National Laboratory has
collected data on HIV-specific cellular immune responses for over 8 years now
and the list of targeted regions within the HIV protein sequences has been grow-
ing steadily. These compiled data and our own studies using comprehensive
sets of overlapping peptides indicate that almost all parts of the viral protein
sequence can be targeted by virus-specific T cells, especially CTL [[Addo2003}
Frahm?2003]]. HIV is the pathogen that has been characterized most extensively
in terms of T-cell epitope distribution and the well-defined epitope landscape
of HIV has allowed for a number of studies beyond assessing CTL activity in
relation to HIV disease progression [Brander2002].

Targets of HIV-specific CTL

Whilst in the early years of HIV CTL epitope mapping, attention was focused on
structural proteins, more recent studies have included regulatory and accessory
proteins as well [Tomiyamal999a, |Altfeld2001a) [van Baalen1997, |Addo2001,
Addo2002bl]. High-throughput assays such as intracellular cytokine staining
(ICS), and the Elispot assay are now routinely used to assess genome wide
immune responses to HIV [Edwards2002, [Frahm2003} Betts2001, [Addo2003}
Novitsky2001} [Novitsky2002]]. This is especially true for the characterization
of CD8+ CTL responses, but newer data also include the identification of Th
cell activity. Studies from several labs, including ours, using overlapping pep-
tide sets spanning the entire HIV protein sequence have now shown that at
least 90% of these peptides can be targeted by HIV-specific CTL, indicating

In HIV Molecular Immunology 2002. Bette T. M. Korber, Christian Brander, Barton F. Haynes,
Richard Koup, Carla Kuiken, John P. Moore, Bruce D. Walker, and David 1. Watkins, editors. Pub-
lisher: Los Alamos National Laboratory, Theoretical Biology and Biophysics, Los Alamos, New
Mexico. LA-UR 03-5816. pp. B} 2]}

3

that all viral proteins undergo appropriate antigen processing in vivo and that
epitopes from all HIV proteins can be effectively presented to CD8 T cells
[Addo2003! [Frahm2003]. However, there are specific patterns among these re-
sponses which will impact HIV vaccine design and which can potentially help
to address more fundamental aspects of antigen processing, antigen presentation
and T-cell repertoire development [Yusim2002].
Of special interest for these extended studies, but also for questions of CTL
escape and (sub-unit)-vaccine development, is the identification of optimally de-
fined CTL epitopes. Since 1995, largely through the voluntary contributions
of unpublished data from many laboratories, regularly updated lists of “opti-
mal CTL epitopes” have been made accessible through the Los Alamos National
Laboratory’s HIV database [Brander19935]]. This year’s update again adds a num-
ber of new epitopes whilst some others were removed as they were erroneously
included before (mainly some HLA-A*0201 restricted epitopes from our own
lab which were based on epitope prediction only and which were not defined
with the same stringency as the other epitopes in this list). While the earliest
reports clearly focused on alleles common in individuals infected early in the US
epidemic, more attention is now given to individuals of non-Caucasian descent
[Frahm2003\ [Sabbaj2003|]. In addition, epitopes from non-clade B infections are
increasingly identified [Novitsky2002, |[Novitsky2003|, Bond2001} [Fukada2002}
Lynch1998| Sriwanthana?001}, |Goulder2001]. The identification of these epi-
topes provides valuable information for vaccine development in non-Caucasians
and non-clade B infection.
In addition, these new epitopes, when characterized in full detail, can provide
important insights into HLA binding motifs for these less well characterized
alleles; again facilitating the design of a potential HIV vaccine. To support this
work, the HIV database offers additional tools such as
EPILIGN:
http:
//hiv-web.lanl.gov/content/hiv-db/EPILIGN/EPI.html,

FeptGen:
http://hiv-web.lanl.gov/content/hiv-db/PEPTGEN/
PeptGenSubmitForm.html

DEC 2002
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Optimal HIV-1 CTL Epitopes

MotifScan:
http://hiv-web.lanl.gov/content/hiv-db/MOTIFSCAN/
MotifScanner.html

as well as valuable links to other sites, including the

SYFPEITHI HLA binding motifs database:
http://www.syfpeithi.de/

and others:
http://hiv.basic.nwu.edu/HLA,
http://bimas.dcrt.nih.gov/cgi-bin/molbio/ken_parker__
comboform,
http://www. jenner.ac.uk/JenPep/

Clearly, these databases and prediction softwares can profit from each other and

facilitate the future identification of T-cell targets in HIV and other infections.

Immunodominant regions in HIV protein sequences

As mentioned above, the described optimal CTL epitopes are not evenly dis-
tributed over the entire viral genome. Rather, there are regions where many epi-
topes overlap. This phenomenon has been described as early as 1993 and various
explanations have been put forward [Goulder2000a, [Buseyne1993|]. Two factors
that seem to significantly contribute to this epitope clustering appear to be viral
sequence heterogeneity and processing preferences [Yusim2002].

Sequence heterogeneity affects all HIV proteins, albeit to variable degrees.
Relatively conserved regions in Gag and Nef have been identified as immun-
odominant regions in a study of more than 150 individuals of different ethnici-
ties [Frahm2003]]. Independently of the HLA background, these clade B infected
individuals made strong responses to the peptides spanning these regions. When
comparing the sequence heterogeneity in published clade B sequences, these
data also show that peptides with low sequence entropy (more conserved) are
targeted more frequently than epitopes with higher entropy. It is likely that these
differences are due to the fact that the average phylogenetic distance of the test
reagent (consensus B sequence) to an individual‘s autologous viral sequence is
larger in higher variable regions than in more conserved ones and thus, responses
against the less conserved peptides are not detected due to differences between
test reagent and inoculum sequence [Yusim2002l |Gaschen2002].

In addition to sequence incompatibility between test reagent and autologous
virus, certain regions of the HIV protein sequence may not be processed and
presented very effectively. Although 86% of our overlapping peptide sets used
in the study above were targeted by at least one individual in the cohort of 150

4
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people, there are still some relatively conserved peptides that do not seem to in-
duce a detectable CTL response in natural HIV infection [Frahm2003]. These
peptides may lie within stretches of viral proteins that are relatively resistant to
proteasomal digestions or may lack adequate “Transporter associated with Anti-
gen Processing” (TAP) binding motifs [Brander2002, [Yusim2002]. The HIV Im-
munology database provides valuable web links to software where sequences of
choice can be analyzed for proteasomal processing preferences (NetChop by C.
Kesmir et al., http://www.cbs.dtu.dk/services/NetChop/). Re-
cent work by Yusim et al., demonstrates the accuracy and predictive potential of
this algorithm and its usefulness in identifying CTL epitopes [Yusim2002].

Together, these studies indicate that CTL epitope clustering may reflect the
biased detection of these responses in rather conserved regions and that process-
ing preferences may play an important role in providing processed antigen. In
addition, sequence variability may not only affect CTL recognition but could
also have an effect on processing of viral proteins [Yellen-Shaw1997]]. Although
we have been unable to show such an effect for the flanking regions of the im-
munodominant, HLA-A*0201 restricted CTL epitope SL9 (SLYNTVATL) in
HIV Gag pl7, other studies outside the HIV field suggest that escape from
processing may be an effective means of immune evasion [Yellen-Shaw 1997,
Kuckelkorn2002, |Gileadi1999, Brander1999]]. These studies also highlight the
importance of defining T-cell targets in maximal detail, so that prediction al-
gorithm such as NetChop and binding motif algorithms can be optimized by a
precisely characterized training set of defined epitopes. In addition, in order to
discriminate between processing escape and escape from T-cell receptor recog-
nition or HLA binding, the boundaries of targeted epitopes need to be optimally
determined. The present listing is designed to provide these data specifically
for HIV derived epitopes and we therefore still separate CTL epitopes in a list
of optimally and suboptimally defined epitopes. We hope that this discrimina-
tion continues to provide support for the HIV immunologists and laboratories
involved in antigen processing and presentation, who want to take advantage of
the exceptionally well defined epitope landscape of HIV.

As every year, we would like to express our gratitude to the large number
of researchers in the field who continuously contribute to this database. We
very much welcome any criticism, comments and additions to this list since we
are sure that some epitopes will unintentionally escape our attention, despite
close monitoring of the literature. Also, pertinent information, such as resources
for single HLA allele expressing cell lines, HLA subtype information and new
technologies for CTL epitope mapping could be listed or referenced in this list,
providing additional help to problems encountered by investigators.
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Table 1: Best Defined HIV CTL Epitopes

% HLA Protein AA Sequence Reference
E A*0101 (A1) gpl160 787-795 RRGWEVLKY  [Ca02002]
2l
A*0201 (A2) 2 6 C [Falk1991, Barouch1995]
1°anchor L L
M v
2° anchor \Y4
A*0201 (A2) pl7 77-85 SLYNTVATL [Johnson1991, [Parker1992| [Parker1994]
A*0201 (A2) pl 1-10 FLGKIWPSYK [Yu2002b]
A*0201 (A2) RT 3341 ALVEICTEM [Haas1998|Haas1999]|
A*0201 (A2) RT 179-187 VIYQYMDDL [Harrer1996a]
A*0201 (A2) RT 309-317 ILKEPVHGV [Walker1989, Tsomides1991]
A*0201 (A2) Vpr 59-67 ATIIRILQQL [Altfeld2001al |Altfeld2001b]
A*0201 (A2) gpl60 311-320 RGPGRAFVTI [Alexander-Miller1996]
A*0201 (A2) gpl60 813-822 SLLNATDIAV [Dupuis1995]
A*0201 (A2) Nef 136-145 PLTFGWCYKL [Haas1996 Maier1999]
A*0201 (A2) Nef 180-189 VLEWRFDSRL [Haas1996, Maier1999]
A*0202 (A2) 2 C [Barouchl1995]
L L
v
A*0202 (A2) pl7 77-85 SLYNTVATL [Goulder1999]
A*0205 (A2) pl7 77-85 SLYNTVATL [Goulder1999]
A*0205 (A2) gp4l 335-343 RIRQGLERA [Sabbaj2003]
A*0207 (A2) p24 164-172 YVDREYKTL  [Currier2002]
A*03 (A3) RT 73-82 KLVDFRELNK [Yu2002al
A*03 (A3) RT 356-366 RMRGAHTNDVK  [Yu2002al
A*03 (A3) Integrase  179-188 AVFIHNFKRK [Yu2002a]
A*03 (A3) Vif 28-36 HMYISKKAK [Yu2002al]
A*03 (A3) Vif 158-168 KTKPPLPSVKK  [Yu2002al
A*03 (A3) Rev 57-66 ERILSTYLGR [Addo2002al|[Yu2002al
A*03 (A3) Nef 84-92 AVDLSHFLK [Yu2002al
6
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Table 1 (cont.): Best Defined HIV CTL Epitopes

HLA Protein AA Sequence Reference
A*0301 (A3) 2 C  [DiBrino1993, Rammensee1995]
L K
v Y
M F
A*0301 (A3) pl7 18-26 KIRLRPGGK [Harrer1996b]
A*0301 (A3) pl7 20-28 RLRPGGKKK [Goulder1997al|Culmann1999, |[Lewinsohn1999b,
Wilkes1999b|]
A*0301 (A3) pl7 20-29 RLRPGGKKKY  [Goulder2000b]
A*0301 (A3) RT 33-43 ALVEICTEMEK [Haas1998|Haas1999|
A*0301 (A3) RT 93-101 GIPHPAGLK [Yu2002a]
A*0301 (A3) RT 158-166 AIFQSSMTK [Threlkeld1997]
A*0301 (A3) RT 269-277 QIYPGIKVR [Yu2002al]
A*0301 (A3) Vif 17-26 RIRTWKSLVK [Altfeld2001al [Yu2002al
A*0301 (A3) gpl60 3746 TVYYGVPVWK [Johnson1994a]
A*0301 (A3) gpl60 770-780 RLRDLLLIVTR [Takahashi1991]]
A*0301 (A3) Nef 73-82 QVPLRPMTYK  [Koenig1990, (Culmann1991]
A*1101 (A11) 2 C [Zhang1993,Rammenseel19935[
K
\
I
F
Y
A*1101 (A11) pl7 84-92 TLYCVHQRI [Harrer1998|
A*1101 (A11) p24 217-227 ACQGVGGPGHK  [Sipsas1997]
A*1101 (A11) RT 158-166 ATIFQSSMTK [Johnson1994b,[Zhang1993| Threlkeld1997]
A*1101 (A11) RT 341-350 IYQEPFKNLK [[Culmann1999]
A*1101 (A11) RNase 80-88 QIIEQLIKK [Fukadal999]
A*1101 (A11) Integrase  179-188 AVFIHNFKRK [Fukadal999]
A*1101 (A11) gpl160 199-207 SVITQACPK [Fukadal999]
A*1101 (A11) Nef 73-82 QVPLRPMTYK [Buseynel999|
A*1101 (A11) Nef 75-82 PLRPMTYK [Culmanni991]
A*1101 (A11) Nef 84-92 AVDLSHFLK [Culmannl991]
A*23 (A23) gp4l 74-82 RYLKDQQLL  [Ca02003]
7
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Table 1 (cont.): Best Defined HIV CTL Epitopes

HLA Protein AA Sequence Reference
A*2402 (A24) 2 C [Maier1994]
Y I
L
F
A*2402 (A24) pl7 28-36 KYKLKHIVW [lkeda-Moore1998, [Lewinsohn1999al|
A*2402 (A24) p24 162-172 RDYVDRFFKTL [Dorrell1999, Rowland-Jones1999]
A*2402 (A24) gpl60 52-61 LFCASDAKAY [Lieberman1992, Shankar1996]
A*2402 (A24) gpl60 585-593 RYLKDQQLL [Dail992]
A*2402 (A24) Nef 134-141 RYPLTFGW [Goulder1997b, Ikeda-Moore1998]]
A*2501 (A25) p24 13-23 QAISPRTLNAW [Kuranel999]
A*2501 (A25) p24 71-80 ETINEEAAEW [Klenermanl996!van Baalen1996]
A*2601 (A26) 12 6 C [Dumresel998]
v Y
T F
I
L
F
D I
E L
\Y%
A*2601 (A26) p24 35-43 EVIPMFSAL [Goulder1996a]
A*2601 (A26) Pol 604-612 ETKLGKAGY [Sabbaj2003]
A*2902 (A29) gpl160 209-217 SFEPIPIHY [Altfeld2000al
8
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Table 1 (cont.): Best Defined HIV CTL Epitopes

Optimal HIV-1 CTL Epitopes

HLA Protein AA Sequence Reference
A*3002 (A30) 12 C [Rammenseel1999]

Y Y

F

L

\'4

R
A*3002 (A30) pl7 76-86 RSLYNTVATLY [Goulder2001]]
A*3002 (A30) RT 173-181 KQONPDIVIY [Goulder2001]
A*3002 (A30) RT 263-271 KLNWASQIY [Goulder2001]]
A*3002 (A30) RT 356-365 RMRGAHTNDV  [Sabbaj2003]|
A*3002 (A30) Integrase  219-227 KIQNFRVYY [Sabbaj2003}/Addo2002c]|
A*3002 (A30) gpl60 704-712 IVNRNRQGY  [Goulder2001]]
A*3002 (A30) gpl20 310-318 HIGPGRAFY [Sabbaj2003]
A*3002 (A30) gp4l 283-291 KYCWNLLQY  [Goulder2001]]
A*3101 (A31) 2 C [Falk1994, Rammensee1999]
R

L

\Y%

Y

F
A*3101 (A31) gpl60 770-780 RLRDLLLIVTR [Safrit1994al [Safrit1994b]
A*3201 (A32) RT 392-401 PIQKETWETW [Harrer1996b]
A*3201 (A32) gpl160 419-427 RIKQIINMW [Harrer1996b]
A*3303 (A33) gp4l 187-196 VFAVLSIVNR [Hossain2001]]
A*3303 (A33) gp4l 320-327 EVAQRAYR [Hossain2001]
A*3303 (A33) Vpu 29-37 EYRKILRQR [Addo2002b]
A*3303 (A33) Nef 133-141 TRYPLTEGW [Ca02002]
A*6801 (A68) Tat 39-49 ITKGLGISYGR [Oxenius2002]
A*6802 (A68) Protease  3-11 ITLWQRPLV [Rowland-Jones1999]
A*6802 (A68) Protease  30-38 DTVLEEWNL [Rowland-Jones1999]
A*6802 (A68) gpl60 777-785 IVITRIVELL [Wilkes1999al|
A*7401 (A19) Protease  3-11 ITLWQRPLV [Rowland-Jones1999]

9
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Table 1 (cont.): Best Defined HIV CTL Epitopes

HLA Protein AA Sequence Reference
B*07 (B7) p24 84-92 HPVHAGPIA [Yu2002a]
B*0702 (B7) 123 C  [Englehard1993,[Rammensee1999]
P L
A R
R K
B*0702 (B7) p24 16-24 SPRTLNAWV [Lewinsohn1999al|
B*0702 (B7) p24 48-56 TPODLNTML  [Wilson1999al, [Wilkes1999c¢l Jin2000,
Wilson1997]
B*0702 (B7) p24 223-231 GPGHKARVL  [Goulder1999]
B*0702 (B7) Vpr 34-42 FPRIWLHGL [Altfeld2001al
B*0702 (B7) Vif 48-57 HPRVSSEVHI [Altfeld2001all
B*0702 (B7) gpl160 298-307 RPNNNTRKSI [Safrit1994b]
B*0702 (B7) gpl60 843-851 IPRRIRQGL [Wilkes1999b]|
B*0702 (B7) Nef 68-77 FPVTPQVPLR [Haas1996l Maier1999]]
B*0702 (B7) Nef 68-76 FPVTPQVPL [Bauer1997, [Frahm2002]
B*0702 (B7) Nef 71-79 TPQVPLRPM  [Goulder1999]
B*0702 (B7) Nef 77-85 RPMTYKAAL [Bauer1997|
B*0702 (B7) Nef 106-115 RODILDLWIY  [Goulder1999]
B*0702 (B7) Nef 128-137 TPGPGVRYPL [Culmann-Penciolelli1994, [Haas1996]
B*0801 (BS) 235 C  [Hill1992} Sutton1993| DiBrino1994a]
K K L
R
PR
L
B*0801 (BS8) pl7 24-32 GGKKKYKLK [Rowland-Jones1993| |Goulder1997d]|
B*0801 (B8) pl7 74-82 ELRSLYNTV  [Goulder1997d]
B*0801 (BS8) p24 128-135 EIYKRWII [Sutton1993|Goulder1997d]
B*0801 (BS8) p24 197-205 DCKTILKAL [Sutton1993]
B*0801 (BS8) RT 18-26 GPKVKQWPL  [Walker1989, Sutton1993]]
B*0801 (BS8) gpl60 2-10 RVKEKYQHL  [Sipsas1997]
B*0801 (BS8) gpl160 586-593 YLKDQQLL  [Johnson1992|Shankar1996]|
B*0801 (BS8) Nef 13-20 WPTVRERM [Goulder1997d]
B*0801 (BS8) Nef 90-97 FLKEKGGL [Culmann-Penciolelli1994, |Price 1997
B*14 (B14) pl5 42-50 CRAPRKKGC  [Yu2002b]
10

DEC 2002



Optimal HIV-1 CTL Epitopes

Optimal HIV-1 CTL Epitopes

Table 1 (cont.): Best Defined HIV CTL Epitopes

HLA Protein AA Sequence Reference
B*1402 (B14) 23 5 C [DiBrino1994b]
R R L
K H
L
Y
F
B*1402 (B14) p24 166-174 DRFYKTLRA [Harrer1996b]
B*1402 (B14) gpl60 584-592 ERYLKDQQL [Johnson1992]
B*1501 (B62) 2 C
Q Y [Barber1997]
L F [Barber1997]
M [Barber1997]]
B*1501 (B62) p24 137-145 GLNKIVRMY [Johnson1991l|Goulder1999]|
B*1501 (B62) RT 260-271 LVGKLNWASQIY [Johnson1999]
B*1501 (B62) RT 309-318 ILKEPVHGVY [Johnson1991l Johnson1999]
B*1501 (B62) Nef 19-27 RMRRAEPAA  [Ca02002]
B*1501 (B62) Nef 117-127 TQGYFPDWQONY  [Culmannl999]
B*1503 (B72) Integrase  263-271 RKAKIIRDY [Ca02003]
B*1503 (B72) Tat 38-47 FQTKGLGISY [Novitsky2001]
B*1503 (B72) Pol 651-660 VTDSQYALGI [Sabbaj2003]
B*1503 (B72) Nef 183-191 WREDSRLAF  [Ca02002]
B*1516 (B63) 2 9 [Barber1997,Seeger1998|
T Y
S I
v
F
B*1516 (B63) gpl160 375-383 SENCGGEFF [Wilson1997, [Wilson1999al]
B*1801 (B18) p24 161-170 FRDYVDRFYK [Oggl998]
B*1801 (B18) Vif 102-111 LADQLIHLHY [Altfeld2001al
B*1801 (B18) Nef 135-143 YPLTFGWCY [Culmannl1991l Culmann-Penciolelli1994]
B*2703 (B27) p24 131-140 RRWIQLGLQK [Rowland-Jones1998| |Rowland-Jones1999]
11
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Table 1 (cont.): Best Defined HIV CTL Epitopes

HLA Protein AA Sequence Reference
B*2705 (B27) 12 C [Jardetzky1991, Rammensee19935]
R L
F
K K
R R
G I
A
B*2705 (B27) pl7 19-27 IRLRPGGKK [McKinney1999, [Lewinsohn1999al
B*2705 (B27) p24 131-140 KRWIILGLNK [Nixonl988| Buseynel993||Goulder1997c]
B*2705 (B27) gpl160 786795 GRRGWEALKY [Liebermanl992| [Lieberman1999]
B*2705 (B27) Nef 105-114 RRODILDLWI [Goulder1997al
B*3501 (B35) 2 C [Hill1992| Rammensee1999]
P Y
A F
\% M
S L
I
B*3501 (B35) pl7 36-44 WASRELERF  [Goulder1997b]
B*3501 (B35) pl7 124-132 NSSKVSQONY [Rowland-Jones1995]
B*3501 (B35) p24 122-130 PPIPVGDIY [Rowland-Jones1995]|
B*3501 (B35) p24 122-130 NPVPVGNIY [Rowland-Jones1995]
B*3501 (B35) RT 107-115 TVLDVGDAY [Wilkes1999b, Wilson1999b]]
B*3501 (B35) RT 118-127 VPLDEDFRKY [Sipsas1997,Shigal996]
B*3501 (B35) RT 175-183 NPDIVIYQY [Sipsas1997}/Shigal996|
B*3501 (B35) RT 175-183 HPDIVIYQY [Rowland-Jones1995]
B*3501 (B35) gpl60 42-52 VPVWKEATTTL [Wilkes1999b]
B*3501 (B35) gpl160 78-86 DPNPQEVVL [Shigal996]|
B*3501 (B35) gpl60 606-614 TAVPWNASW [Johnson1994al
B*3501 (B35) Nef 74-81 VPLRPMTY [Culmannl1991}|Culmann-Penciolelli1994|
B*3701 (B37) 2 C [Falk1993]
D F
E M
L
I
B*3701 (B37) Nef 120-128 YEFPDWONYT  [[Culmann1991)|Culmann1999]
12
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Table 1 (cont.): Best Defined HIV CTL Epitopes

Optimal HIV-1 CTL Epitopes

HLA Protein AA Sequence Reference
B*3801 (B38) gpl60 104-112 MHEDIISLW [Cao02002]
B*3901 (B39) 2 C [Falk1995a]
R L
H
B*3901 (B39) p24 61-69 GHQAAMOML  [Kuranel999|
B*4001 (B60) 2 C [Falk1995b]
E L
B*4001 (B60) pl7 92-101 IEIKDTKEAL [Altfeld2000b]
B*4001 (B60) p24 44-52 SEGATPQDL  [Altfeld2000b]
B*4001 (B60) po 33-41 KELYPLTSL [Yu2002b]
B*4001 (B60) RT 202-210 IEELRQHLL [Altfeld2000b]
B*4001 (B60) gpl160 805-814 QELKNSAVSL [Altfeld2000b]
B*4001 (B60) Nef 92-100 KEKGGLEGL [Altfeld2000b]
B*4002 (B61) pl7 11-19 GELDRWEKI [Sabbaj2003]
B*4002 (B61) p24 70-78 KETINEEAA [Sabbaj2003]
B*4002 (B61) p24 78-86 AEWDRVHPV  [Sabbaj2003]
B*4002 (B61) Nef 92-100 KEKGGLEGL [Sabbaj2003| [Altfeld2000b]
B*4002 (B61) pl5 64-71 TERQANFL [Sabbaj2003]
B*42 (B42) Integrase  260-268 VPRRKAKII [Kiepiela2002]
B*4201 (B42) p24 48-56 TPQDLNTML  [Goulder2000al
B*4201 (B42) RT 271-279 YPGIKVRQL [Wilkes1999b]|
B*4201 (B42) Nef 128-137 TPGPGVRYPL  [Goulder1999]
B*4402 (B44) 2 C [Rammenseel1999]
E F
Y
B*4402 (B44) p24 162-172 RDYVDRFYKTL [Oggl99§|
B*4402 (B44) p24 174-184 AEQASQDVKNW [Lewinsohn1999al]
B*4402 (B44) gpl160 31-40 AENLWVTVYY [Borrow1997]
B*4415 (B12) p24 28-36 EEKAFSPEV  [Bird2002]
B*51 (B51) Vpr 29-37 EAVRHFPRI [Ca02003]
13
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Table 1 (cont.): Best Defined HIV CTL Epitopes

HLA Protein AA Sequence Reference
B*5101 (B51) 2 C [Falk1995al
A F
P I
G
B*5101 (B51) RT 42-50 EKEGKISKI [Haas1998||Haas1999]
B*5101 (B51) RT 128-135 TAFTIPSI [Sipsas1997|
B*5101 (B51) gpl60 416424 LPCRIKQII [Tomiyamal999b]
B*5201 (B52) 2 C [Rammenseel1999]
I
v
Q
B*5201 (B52) p24 143-150 RMYSPTSI  [Wilkes1999bl Wilson1997]]
B*53 (B53) Nef 135-143 YPLTFGWCFEF  [Kiepiela2002]]
B*5301 (B53) 2 C
P L [Hill1992]
B*5301 (B53) p24 48-56 TPYDINQML [Gotch1993]
B*5301 (B53) p24 176-184 QASQEVKNW  [Buseynel1996, Buseyne1997, Buseyne1999]
B*5301 (B53) Tat 2-11 EPVDPRLEPW [Addo2001]
B*5301 (B53) Nef 135-143 YPLTFGWCY [Sabbaj2003]
B*5501 (B55) 2 C [Barber1995]
P
A
B*5501 (B55) gpl60 42-51 VPVWKEATTT [Shankar1996| [Lieberman1999]
14
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Table 1 (cont.): Best Defined HIV CTL Epitopes

Optimal HIV-1 CTL Epitopes

HLA Protein AA Sequence Reference
B*5701 (B57) 12 C [Barber1997]
A F
T W
S
K Y
B*5701 (B57) p24 15-23 ISPRTLNAW [Johnsonl1991l|Goulder1996b]|
B*5701 (B57) p24 30-40 KAFSPEVIPMF [Goulder1996b]
B*5701 (B57) p24 108-118 TSTLQEQIGWF  [Goulder1996b]
B*5701 (B57) p24 176-184 QASQEVKNW  [Goulder1996b]
B*5701 (B57) RT 244-252 IVLPEKDSW [van der Burg1997, Hay1999]
B*5701 (B57) Integrase  173-181 KTAVQMAVE  [Goulder1996bl Hay1999]
B*5701 (B57) Vpr 30-38 AVRHFPRIW [Altfeld2001al
B*5701 (B57) Vif 31-39 ISKKAKGWF  [Altfeld2001al
B*5701 (B57) Rev 14-23 KAVRLIKFLY [Addo2001]
B*5701 (B57) Nef 116-125 HTQGYFPDWQ  [CulmannI991]]
B*5701 (B57) Nef 120-128 YFPDWQONYT  [Culmann1991]]
B57 (B57) Nef 116-124 HTQGYFPDW  [Draenert2002]]
B*5703 (B57) p24 30-37 KAFSPEVI [Goulder2000b]
B*5703 (B57) p24 30-40 KAFSPEVIPMF  [Goulder2000bl]
B*5801 (B58) 12 C [Barber1997, |Falk1995b]
A F
T W
S
K
\Y%
I
B*5801 (B58) p24 108-117 TSTVEEQQIW [Bertoletti1998§]
B*5801 (B58) p24 108-117 TSTLQEQIGW [Goulder1996b]
B*5801 (B58) RT 375-383 IAMESIVIW [Kiepiela2002]]
B*5801 (B58) Rev 14-23 KAVRLIKFLY [Addo2001]
B*81 (B81) Pol 715-723 LFLDGIDKA [Addo2002a]
15
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Table 1 (cont.): Best Defined HIV CTL Epitopes

‘é’ HLA Protein AA Sequence Reference
()
E B*8101 (B81) p24 48-56 TPODLNTML  [Goulder2000al]
0 B*8101 (B81) Vpr 34-42 FPRIWLHGL [Altfeld2001al]
Cw*0102 (Cwl) 23 C [Barber1997]
A L
L
P
Cw*0102 (Cwl)  p24 36-43 VIPMFSAL [Goulder1997b]
Cw*0304 (Cw10) gp4l 46-54 RAIEAQQHL  [Currier2002, Trocha2002]]
Cw*0401 (Cw4) 2 6 C [Falk1994]
Y L
P F
F M
\
I
L
Cw*0401 (Cw4) gpl60 375-383 SENCGGEFF  [Wilson1997, Johnson1993]]
Cw*0501 (Cw5) Rev 67-75 SAEPVPLQL  [Addo2001]]
Cw*07 (Cw7) Nef 105-115 KRQEILDLWVY [Kiepiela2002]
Cw*07 (Cw7) Nef 105-115 RRODILDLWIY [Yu2002al
Cw*0802 (Cw8)  p24 48-56 TPODLNTML  [[Goulder2000al
Cw*0802 (Cw8) Nef 83-91 AAVDLSHFL [Ca02003]
Cw*12 (Cw12) Tat 30-37 CCFHCQVC [Ca02003, Nixon1999]
Cw*15 (Cw15) gp4l 46-54 RAIEAQQHL [Trocha2002]
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The HIV-1 envelope glycoproteins mediate viral attachment and release of
the viral core in susceptible target cells. A single gp160 precursor protein is pro-
cessed intracellularly to yield the native form of the envelope complex, consist-
ing of three gp120 and three gp41 molecules associated through non-covalent in-
teractions. Upon receptor and co-receptor binding to the surface subunit gp120,
conformational changes within the envelope glycoprotein complex enable the
insertion of the hydrophobic fusion peptide of the transmembrane subunit gp41
into the target membrane. Subsequent rearrangements within gp41 allow fusion
of viral and cellular membranes. These late structural alterations are targeted by
the entry inhibitor T-20 (for reviews see 13, 20, 21, 24, 46, 75).

A considerable body of mutagenesis data on structure-function relationships
within the HIV-1 gp41 ectodomain (gp41e) has been published over the years.
The value of this data-set has been increased considerably by the determination
of the structure of the gp4le core, allowing some of the mutational effects to
be interpreted and at least partially understood (9, 12, 38, 41, 68, 71). The na-
tive, pre-fusion structure of gp4le in the trimeric gp120-gp41 complex on the
virion surface prior to receptor engagement is not known, however, and the var-
ious transitional structures of gp41 during the virus-cell fusion process are still
ill-defined. Consequently, the structural and functional consequences of many
amino acid substitutions in gp41e remain unclear.

In HIV Molecular Immunology 2002. Bette T. M. Korber, Christian Brander, Barton F. Haynes,
Richard Koup, Carla Kuiken, John P. Moore, Bruce D. Walker, and David 1. Watkins, editors. Pub-
lisher: Los Alamos National Laboratory, Theoretical Biology and Biophysics, Los Alamos, New
Mexico. LA-UR 03-5816. pp. 234

Here, we have summarized the results of published mutagenesis studies on
gp4le (see the accompanying table). The HXB2 reference strain has been used
as a basis for numbering individual amino acid residues (Figure 1). This informa-
tion should facilitate the research of those who study the HIV-1 envelope glyco-
proteins as fusogens or vaccine antigens. In general, we have tabulated only data
for single mutants, but several publications contain information on the effects of
multiple amino acid substitutions (25, 43, 44, 49, 56, 57, 62). The table does not
include information on every naturally occurring gp4le sequence variant, as the
variation is extensive. However, a summary of natural variability in clades B and
C is presented in Figure 2. Also, the last two columns in the table present the en-
tropy scores for gp41e positions that have a defined impact on Env function, for
both the B clade and the C clade. Not surprisingly, positions identified through
mutational analysis as those where substitutions can abrogate key functions, also
tend to be highly conserved among the natural variants. The clearest example is
provided by positions where substitutions essentially eliminate cell-cell fusion
(i.e., where fusion efficiencies in syncytium assays or reporter gene assays have
been reduced to less than 3% of the wild-type value). Sites at which substitutions
can abrogate cell-cell fusion tended to be more invariant among 123 B clade se-
quences (26/44, 59%), compared to those sites where amino acid changes did not
dramatically reduce fusion (11/39, 28%, Fisher’s exact test p = 0.004). Some un-
usual gp4le variants found in neutralization-resistant isolates are also included
in the table, as are variants that arise in response to selection pressure, both in
vitro and in vivo, from the entry inhibitor T-20, which targets gp41e.

The precision with which the available data could be analyzed was some-
times limited because different viral clones, isolates and assays were used to
obtain the experimental data. We have therefore chosen to summarize quantita-
tive parameters using the grading system —, +, ++ and +++, as indicated in the
footnotes. In some cases these grades had to be deduced from the primary re-
ports, so readers are encouraged to consult the original papers for quantitative
details; we regret any errors of interpretation we may have made during this es-
timation process. Not surprisingly, perhaps, different studies sometimes yielded
conflicting results. We have recorded the conflicting data sets but shall leave it
to the readers to judge which are the more plausible.

The natural variability of residues in clade B and C isolates was analyzed
and mapped on the structure of gp41 (see Figures 2 and 3). A focus of variable
residues in clade B sequences is located in the upper part of the C-terminal helix

23
DEC 2002

20
©
s
©
=
I




)
=
2
>
[
o

gp41 ectodomain

centered around the highly variable leucine-glutamate-glutamine (LEQ) triplet,
indicating that this region is under selective pressure. However, it is also possible
that certain changes in residues in this region have little impact on Env function,
particularly if there is some flexibility in Env structure(s) around this region. This
relatively variable region also contains four glycosylation sites, which could be
involved in immune evasion (30). Indeed, mutations that affect glycosylation
in this region can modulate neutralization sensitivity (65). Of note is that no
CTL or antibody epitopes have been mapped to this region despite the intense
positive selection. One interpretation of this observation is that the selection
pressure is exerted indirectly on distant antibody epitopes elsewhere in gp4le
or even in gpl120 (32). Another is that some neutralizing antibodies remain as
yet undiscovered in this region of gp4le. In clade C viruses the variability is
somewhat shifted towards the 2F5 epitope, compared to clade B. Furthermore,
certain residues are significantly more variable in clade C viruses compared to
clade B, and vice versa, suggesting that subtly different selection pressures may
operate on viruses from the two clades.

Acknowledgments. We thank Brian Foley and Charles Calef for their help with
graphical presentation of Figures and Tables. Financial support was obtained
from the Dutch AIDS Fund, Amsterdam.

24

QONNLLRAIE
KLICTTAVPW
NQOEKNEQEL
VLSIVNRVRQ
GSLALIWDDL
QYWSQELKNS
LERILL

gp41 start, position 512 of HXB2 gp160
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Figure 1: The HXB2 reference strain and the numbering of positions in the gp41
sequence. Only information on the ectodomain (residue 512-684) is incorpo-

rated in subsequent analyses.
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B clade C clade Figure 2: Variability of gp4le. The relative entropies of residues were mapped
Cluster | Q% 600 onto a 2D representation of the HXB2 gp41e (adapted from 29, 61). The variabil-
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= @@7 0 ple tests, using a Monte Carlo scheme and randomizing the B and C clade data
L © = 10,000 times) are indicated by red circles. 123 clade B sequences and 48 clade C
g Q@ % ® 560 sequences were used for the analyses. The four glycans and the major antibody
e L 560 (N OF @o epitopes (non-neutralizing clusters I and II and the neutralizing 2F5/4E10/z13
o _®. Qg K &0 cluster) are also indicated, as are regions labelled “indel” where insertions and
N v @ a0 deletions are frequently observed in natural variants.
o 660—(:®®@
® L@ . ®ﬂ9
N D) o0
3 G )
W 540 63% 540
3
0 S o ##® o
@ g@)@ & &

Invariant Highly conserved Moderately variable Highly variable Significantly more variable
O var gny . y . oy Oin one clade than another
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Figure 3: The residues with the highest 10% of entropy scores in clade B are
indicated in red on the 3D structure model of Caffrey (pdb accession number
1IF3, (8)). These residues are only indicated in one monomer. The other two
monomers are shown in grey for orientation purposes.
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I
b g E =
3 = k=) g
> =} " © = o =) ms)
= = 2 g 2 o, & § g< z = = P
8 8 72 F w = & 2 - § £§8 gz &2 £ F o
= o Q S o 4 = .9 g 2 == £ = s
Z A= 2 g 5 S 2 3 g £ 8 & 5 H= §Y¥ 2% g g *
o 3 E o 2 % % a & £ T = £ g & 28 Na S35 o
s E 3 i c 2 8 8 1 I %5 3 % 88 g Es § 03
g3 R B E £ % % B8 8 8 £ £ £ 58 &2 €5 &4 ¢
WT ++ ++ ++ ++ ++ ++ ++ ++ + ++
A512 V16 NL4-3  Freed90 ++ N RTER e + 0.136 0
E NL4-3  Freed90 ++ ++ ++ ++ +
V513 E NL4-3  Freed90 ++ ++ ++ ++ - 0.326 0.44
A NL4-3  Buchschacher95 ++
G NL4-3 ++
R NL4-3 ++ ++ -
G514 \Y% NL4-3  Delahunty96 ++ ++ ++ ++ 0.628 0.594
G516 A\ NL4-3  Delahunty96 +++ ++ ++ ++ 0.047 0.101
A517 17 HXB2  Kowalski9l A avS ++ 0.115 0
18 HXB2  Kowalski9l -
M518 v1®  ELN Kozak97 4+ ++ 0.985 0.658
F519 L'®  NL4-3  Freed90 ++ e + 0.19 0473
v NL4-3  Delahunty96 +++ ++ ++ ++ ++
L520 R NL4-3  Freed90 ++ ++ ++ ++ - 0.13 0.101
G521 v NL4-3  Delahunty96 + ++ ++ ++ - - 0 0
F522 A\ NL4-3  Delahunty96 +++ ++ ++ + 0 0.302
G BHS Pritsker99 ++ ++ +
G524 v NL4-3  Delahunty96 +++  ++ ++ ++ + + 0.083  0.101
A525 T2 LAI Bahbouhi01 =+ =+ ++ ++ 0.115  0.202
A526 E NL4-3  Freed90 ++ + + ++ - 0 0
G527 \Y% NL4-3  Delahunty96 +++ ++ - - 0 0
S528 T HXB2  Cao093 + + - + - + 0 0
M530 S HXB2  Cao93 ++ - - + - - 0 0
G531 v NL4-3  Delahunty96 +++ ++ ++ ++ 0 0
L537 R NL4-3  Freed90 ++ + + ++ — 0 0
V539 E NL4-3  Freed90 ++ ++ ++ ++ + 0.083 0.334
Q540 L NL4-3  Freed90 ++ + + ++ - 0 0
R542 e in heptad-repeat G NL4-3  Freed90 ++ ++ ++ ++ + 0 0.101
Q543  fin heptad-repeat H PI Wei02, Kilby02 ++ 0.811 0.202
R ++
P543 LB  MN Park00 ++
L544  ginheptad-repeat S22 PI Fikkert02 ++ 0.094 0.234
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*
b g E =
< k= B =
2 ES = n o '-8 o S
; = : 2 g g o g = 3} >
] 5 = 2 = s = £ S &= =+ = 2 2
S 3 3 Z Y - - £ €2 g~ Bw & &
> - L 2 4 5 . 3 z & = S 8% oo g~ = =
s - £ : 3 £ E L ¢ % £ £ 2 E % 3B §f iE E S
s 2 ERS 5 z 3 5 £ £ 2 3 I B & £3 i85 ES 3 g
: E i = = 2 £ 8 8 % % £ § 5 % 3% Iz B3 %
g 3 i 05 8 i & &% % B8 8 &8 £ £ £ 585 &3 €5 2 ¢
L545  ain heptad-repeat F?! JR-FL  Sanders02 - + 0.047 0
N2l JR-FL ++ +
p2l  JR-FL ++ +
G?!  JR-FL ++ +
G547  cinheptad-repeat S>> NL4-3  Rimsky98 ++ 0 0.101
D¥  NL4-3 ++
D2 Pl Baldwin03 ++
V22 Pl Poveda02 ++
D2 Pl Wei02 ++
1548 d in heptad-repeat A HXB2  Cao93 ++ ++ + +++ ++ + ++ 0 0.101
T?? NL4-3  Rimsky98 ++
K22 PI Baldwin03 ++
v2 Pl Wei02, Kilby02 ++
V21 JR-FL Sanders02 ++ +
L2 JR-FL ++ +
H?!  JR-FL ++ +
N2 JR-FL ++ +
s?l JR-FL ++ +
G*'  JR-FL ++ +
R?!  JR-FL ++ +
V549  einheptad-repeat ~ M?>  NL4-3  Rimsky98 ++ 0.047 0
M22 Pl Wei02 ++
A® Pl ++
A2 Pl Baldwin03 ++
w2 Pl ++
G*? PI ++
A HXB2  Lu0l ++ ++ ++ ++ ++
Q551 g in heptad-repeat A HXB2  Lu01, Follis02 ++ ++ ++ ++ ++ + 0 0
Q552 ain heptad-repeat L HXB2  Cao93 ++ - - - 0 0
N554  cinheptad-repeat ~ K?2  PI Fikkert02 ++ 0.047 0
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ELIEEN

(=]

++
++

HXB2 Cao93

BHS

G
A

d in heptad-repeat

L555

++

++

Poumbourios97
Sanders02

JR-FL
JR-FL
JR-FL
JR-FL
JR-FL

HXB2

V21

W21

Y21

52]

P21
P

0

0.047

++

Chen94

e in heptad-repeat

L556

Weng98

HXB2

HXB2

E

HXB2

A
D
G
K
N
A

++
++

++
++

Weng00

HXB2

HXB2

HXB2

++

++

HXB2

++

++

++
++
++

Lu01, Follis02
Sanders02
Sanders02

Wei(2

HXB2

JR-FL
JR-FL

PI

P21

0.334

0.237

P2]

f in heptad-repeat

R557

++

Weng98

HXB2

R
E

g in heptad-repeat

A558

HXB2

++
++
++

++
++
++

++
++
++

Weng00

HXB2

C
G
T

HXB2

HXB2

++

JR-FL Sanders02

P21
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Residue!

1559

E560
A561

S561
Q562

Q563

R564
H564

L565

® Comments

in heptad-repeat

b in heptad-repeat
¢ in heptad-repeat

d in heptad-repeat

e in heptad-repeat

f in heptad-repeat

g in heptad-repeat

< »> U Substitution

T 2
5 Isolate
ov}

he}

BHS
JR-FL
JR-FL
JR-FL
JR-FL
JR-FL
JR-FL
LAV
JR-FL
LAl/
JR-FL
LAl/
JR-FL
JR-FL
ELI1
JR-FL
MN
HXB2
BHS
JR-FL
HXB2
HXB2
HXB2
HXB2
HXB2
HXB2
JR-FL
JR-FL
MN
HXB2
HXB2
HXB2
JR-FL

Reference

Chen93, Chen9%4
Poumbourios97
Sanders02

Sanders03b

Sanders02
Kozak97
Sanders02
Park00

Cao93
Poumbourios97
Sanders02
Weng00

LuO01, Follis02
Sanders02
Sanders02
Park00
Rabenstein95
Chen94

Lu01, Follis02
Sanders02

Expression (cell lysate)’

+ +
+ +

++
++

++
++
++
++
++

++

T Expression (cell surface)?

+

+++

+++

+++

++
+++
+++

++
++
++

I gpl60 processing?
I gpl20 association®

++
++

++ +

++
++

++

++

++

++  ++

++ o+t
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I I CD4-binding’

++

++

CD4-induced shedding®

=
=
8 )
g
=
%5 g .8
(o} —
: -
= =
= £ £ &
) [} %4
o = o R~
= .8 = =
[3) = R R
o > > >
++
+
++
=+
+—+ -
=+ -
++
+H+ o+
++ ++
++

Oligomerization
(gp160/gp140)!3

+ +
+ +

++

++

Trimerization
(SOS gp140)!4

gp41 ectodomain

Thermal stability
(gp41 core)l?

++

++

B-clade entropy

=]

.047

0.217

0.094

0.047

0.047

0.402

S C-clade entropy

0.101

0.101

0.584
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5 Residue!
N
N

Q567
L568

T569

V570

W571

G572

® Comments

in heptad-repeat

b in heptad-repeat
¢ in heptad-repeat

d in heptad-repeat

e in heptad-repeat

f in heptad-repeat

g in heptad-repeat

< 2> U Q Substitution

l\)<
—_— N
=

>PQQRA>T QEO P>
[=2)

T 2
5 Isolate
ov}

e}

HXB2

BHS8

JR-FL
JR-FL
JR-FL
JR-FL
JR-FL
JR-FL
LAI

HXB2
HXB2
HXB2
BHS

HXB2
JR-FL
JR-FL
JR-FL
JR-FL
HXB2
HXB2
HXB2
HXB2
HXB2
HXB2
HXB2
HXB2
HXB2
HXB2
HXB2
HXB2
HXB2

Reference

Cao93

Chen93, Chen94
Poumbourios97
Earl93
Sanders02

Sanders03a
Cao93

Chen94

Ji00
Poumbourios97
Farzan98
Sanders02

Weng98

Weng00

Lu01, Follis02
Cao93

Ji00
Rabenstein95
Weng98

LuO1

Expression (cell lysate)?

++

++
++

++

++
++
++
++
++
++
++

++

++

T I Expression (cell surface)*

+
+ 4

+ o+ +

++
++

+ 4+ +

++

++
++

++

I I + + gpl60processing’
+ + gpl20 association®

++

++

++
++
++
++
++
++  ++

++ o+t
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CD4-binding’

++
++

++

++
++

++

++

Virion incorporation!©

I CD4-induced shedding®
Cell-cell fusion®

++ -

++
++
++
++
++
++

I+ Virus entry11

Viral Replication!2

++

Oligomerization

+ + +
+ + +

++

++

(gp160/gp140)!3

Trimerization
(SOS gp140)!4

++

++
++

++
++

gp41 ectodomain

Thermal stability
(gp41 core)l?

++

++

++

+++

B-clade entropy

=]

.047

0.177
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S C-clade entropy
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0.101
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((aresA] [[90) uorssardxy

AOUIJY

RV |

uonmnsqns

Riltelistieg)

[°npISay

SM3INDY

0

0.083

++
++
++
++
++
++

++
++

++
++
++
++
++
++
++

++
++

++
++
++
++
++
++
++

++
++
++
++
++
++
++

++
++
++
++
++
++
++

Dubay92

HXB2

L

a in heptad-repeat

1573

++

HXB2

A\
A
G
E
D
S

HXB2

++
++

HXB2

HXB2

HXB2

HXB2

Bernstein95

HXB2

P24

A24

HXB2

HXB2

D

Shugars96

HXB3

A25

HXB3

525
P

++

+++

++
++

Chen93, Chen94

Wild%4

HXB2

++

HXB2,
LAI

p26

++ o+t

++

HXB2,
LAI

A26

++ o+t

++

HXB2,
LAI

326

Rabenstein95

HXB2

P26

D26

HXB2

HXB2

168P

326
S

Liu01

++ o+

++

++  ++

++

168P
LAI
BH8

T

++

++

Sanders03a

++

++ o+t

++ ++

Poumbourios97
Markosyan02

++

HXB2

\Y

HXB2
HXB2
HXB2

A
S
p

+ + + +

++
++
++
++

Sanders02

JR-FL
JR-FL
JR-FL
JR-FL

L2]

F21

Y21

QZI
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b g E =
3 = 3 g
= Z W E ISt 2 = o (’?
T 3 F % 9o, =z E ¢ £ 55 = £, & B =
- S < 5 5 » 3 F & = § ETF g5 B2 £ £ 2
2 S ® g g g 2 B g £ 8 & 5 H= §Y¥ 2% g g *
o 3 E o 2 % % a & £ T = £ g & 28 Na S35 o
s E 3 i c 2 8 8 1 I %5 3 % 88 g Es § 03
g3 i 05 8 E £ % % B8 8 8 £ £ £ 58 &2 €5 &4 ¢
1573 N2l JR-FL ++ +
(cont) T2 JR-FL ++ +
p2l  JR-FL ++ +
G?!  JR-FL ++ +
K2 JR-FL ++ +
K574 b in heptad-repeat R BHS Mclnerney98 ++ ++ ++ ++ ++ + 0 0
L576  din heptad-repeat P HXB2  Chen9%4 ++ + + ++ - 0 0
A BHS Poumbourios97 ++ - ++ - ++
C?  HXB2  Farzan98 ++ + - -+
V2l JR-FL Sanders02 - +
F2l  JR-FL - +
Y2!  JR-FL - +
Q* JR-FL - +
N2l JR-FL - +
G?!  JR-FL - +
K?'  JR-FL - +
Q577 e in heptad-repeat R HXB2  Weng98 ++ ++ ++ ++ - 0.047 0.173
E HXB2 ++ ++ ++ + + +
A HXB2  Weng00 ++ ++ ++ o+
D HXB2 ++ ++ ++  ++
E HXB2 ++ ++ ++ +
G HXB2 ++ ++ ++ 4+
M HXB2 ++ ++ ++ +
C?  HXB2  Farzan98 =+ + - e+
A HXB2  Lu0l ++ ++ ++ ++ ++
AS578  fin heptad-repeat G?’  HXB2  Farzan98 ++ + - +++ 0.047 0.483
R579  gin heptad-repeat G HXB2  Weng00 ++ + +=+ - 0 0.101
A HXB2 LuO1 ++ + ++ - ++
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n 2, 5 " © 35 ] o
; : : e g 1 N g —;: «© >
B 5 03 £ £ . % % £ s €5 = = z g
3 = < = 5 3 P 3 € £ = § §I g8 B2 £ B
o . f £ 8 g 8 ¢ % 2% £ £ g2 B % o5m 3z ozg 8 B
» 5 = « a2 7 7 a, S R=i = B = Q = Ng 38 o o
s E ¢ g s % 3§ % g : 2 B8 54 Ez 2%
g 3 : 0z 2 Z £ % % 6 8 38 £ £ £ 5B £2 EB 2 O
1580 a in heptad-repeat P HXB2  Chen9% ++ ++ + - ++ - 0432 0.173
A BHS Poumbourios97 ++ ++ ++ ++ - ++
L2  JR-FL  Sanders02 ++ +
H2!  JR-FL ++ +
T2 JR-FL ++ +
P2l JR-FL ++ +
G*'  JR-FL ++ +
L581  binheptad-repeat Q*® MN Park00 ++ 0 0
A582  cinheptad-repeat  T28  PI Reitz88 ++ 0.094 0.101
C% HXB2 Rabenstein95 ++
V583  din heptad-repeat A BHS Poumbourios97 ++ + ++ ++ - ++ 0.244  0.503
C HXB2 Farzan98 -
L2 JR-FL  Sanders02 ++ +
Q*  JR-FL ++ +
N2l JR-FL ++ +
s2l JR-FL ++ +
P2l JR-FL ++ +
R2!  JR-FL ++ +
K?!  JR-FL ++ +
E584 e in heptad-repeat A HXB2  Cao93 ++ - - + - - 0 0
Q BHS Maerz01 ++ ++ ++ + +
D BHS ++ ++ +
N BHS ++ ++ —
Y586  fin heptad repeat R HXB2  Weng98 ++ + ++ + - 0 0.101
E HXB2 ++ + ++ + -
C? HXB2  Farzan98 -
L587  ain heptad-repeat P HXB2  Chen93, Chen9%4  ++ ++ ++ - ++ - - ++ 0 0
A BHS8 Poumbourios97 ++ ++ ++ ++ - ++
C? HXB2 Farzan98 -
A2l JR-FL Sanders02 - +
P2l JR-FL - +
R2!  JR-FL - +
D2l JR-FL - +
E2l  JR-FL - +
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ELIEEN

0.775

1.112

0

S = S = S S
++

+++

++
++

Mclnerney98

Cao93

BH8

K588

0.101

++
++
++
++

HXB2

L

D589

Binley00
Maerz01

JR-FL
BHS8
BHS
BH8
LAI
BHS
BH8
BH8
BHS
LAI

C30

++
++
++

++
++
++

0.101

0.083

++

++

Maerz01

Q591

Sanders03c
Maerz01

0.101

0

++
++
++
++

++
++
++
++

L592

0

0.143

Maerz01

L593

++

0.555

0.162

+/—
++
++

Sanders03c
Moore93

1595

++

++

++

++ o+t ++
++

Ca093, Cao%4
Rovinski99

HXB2
LAI

W596

NL4-3
LAI

A

NL4-3

++
++

Binley00
Maerz01

JR-FL
BHS
BH8
BH8
BHS
BH8
BH8

C30

++

++

++
++
++
++
++
++

++
++
++
++
++
++
++

++
++
++
++

Maerz01

G597

Dedera92a
Earl93

HXB2

BH8

S

C598

++

++

++

++

++

Syu9l

HXB2
LAI
LAI

G

Van Anken(3
Rovinski99

0.101

0

++

++

A

G600

NL4-3
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n 2, 5 " © 35 ] o
; = : 2 g g o g = 3} >
] 5 = 2 = s = £ S &= =+ = 2 2
S g &8 %2 5 &% = £ 2 - § £% g5 Eo & g
[ = ot Q =) 9 2 = S g 2 == £ =
= L ¢ £ : £ E £ 7 % £ S P 3 oim §Loz2os B
s 2 ERS 5 z 3 5 £ £ 2 3 I B & £3 i85 ES 3 g
: E i = = 2 £ 8 8 % % £ § 5 % 3% Iz B3 %
g 3 2 & 2 i & &% % B8 8 &8 £ £ £ 585 &3 €5 2 ¢
K601 R BH8 MclInerney98 ++ ++ ++ ++ ++  ++ 0218 0
R LA, Rovinski99 ++ ++
NL4-3
E LAI, ++ ++
NL4-3
E BHS Merat99 ++ + ++
E BHS8 Maerz01 ++ ++ ++ + ++
H BHS8 ++ ++ + ++
Q BHS ++ ++ + ++
A BHS8 ++ ++ ++
C604 S HXB2  Dedera92a ++ - - 0.047 0
S?3  BHS Earl93 ++ o+t ++ ++
G HXB2  Syu9l ++ - -
A LAI Van Anken03 —
T605 C3  JR-FL, Binley00 NI + 0.177 0.173
HXB2,
DH123,
89.6,
GUNI1-
wt
C LAI Sanders03c ++
Y LAI ++
V608 S HXB2  Cao093 - - - 0.094 0.101
C3  JR-FL  Binley00 ++
P609 C3  JR-FL  Binley00 ++ 0.047  0.101
W610 C30  JR-FL  Binley00 =+ 0047 0
F BHS Maerz01 ++ ++ ++ - -
H BHS8 ++ ++ ++ - -
N611  Glycosylation site Q HXB2  Dedera92b ++ ++ ++ + ++ ++ 0.141 0
H HXB2  Lee92 ++ ++ ++ +
S NL4-3  Dash94 ++ ++ ++ ++
Q SHIV-  JohnsonO1 ++ ++ ++
KB9
S613  Glycosylation site A HXB2  Lee92 ++ ++ + 0.94 0.274
N611
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s A S ¢ g 8 3 3 % g : 2 8% oz 202
g S 2 0z & £ £ % % 8 8 8 £ £ £ 58 &8 £5 2 O
N616  Glycosylation site Q HXB2  Dedera92b + ++ 0237 0
Q¥ BHS Earl93 =+ o+ =+ ++
H HXB2  Lee92 ++ ++ ++ ++
S NL4-3  Dash94 ++ ++ ++ ++
Q BH10 Perrin98 ++ ++ +
Q SHIV-  JohnsonO1 ++ ++ ++
KB9
K617 R BHS Mclnerney98 ++ ++ ++ ++ ++  ++ 0.348  0.658
S618  Glycosylation site A HXB2  Lee92 ++ ++ - - 0.495 0.483
N616
N624  din heptad-repeat H HXB2  Lee92 ++ ++ ++ + 1.153  1.305
Glycosylation site
(N625 in most Q BHI10 Perrin98 ++ ++ ++
isolates) Q SHIV-  JohnsonO1 ++ ++ ++
KB9
N625  einheptad-repeat ~ Q?*  BHS Earl93 o+ ++ ++ 0.047 0274
Glycosylation site
T626  fin heptad-repeat M HXB2  Cao93 ++ - - - - - - 0.244 0.444
Glycosylation site
N624
M2 SHIV-  Si0l ++
HXBc2P
W628  ain heptad-repeat M HXB2  Cao93 - - - - 0 0
A HXB2  Weng00 ++ - ++ -
F HXB2 ++ - ++ -
A HXB2  Wang02 ++ - ++ - +
W631  d in heptad-repeat A HXB2  Wang02 ++ - ++ - - 0 0.101
D632  einheptad-repeat N2 BHI10  Perrin98 ++ ++ - 0.591 0.287
R633  fin heptad-repeat G PI Wei02 ++ 0.55 0.451
1635 a in heptad-repeat A HXB2  Wang02 ++ - ++ - + 0.047 0.173
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N637  cinheptad-repeat K22 PI Baldwin03 ++ 0.141 0.101
G]ycosyla[ion site Q HXB2 Dedera92b ++ ++
Q* BHS Earl93 ++ o+ ++ ++
H HXB2  Lee92 ++ ++ ++ -
S NL4-3  Dash94 ++ - - -
Q BHI10 Perrin98 ++ ++ ++
Q SHIV-  JohnsonO1 ++ ++ ++
KB9
Y638  din heptad-repeat A HXB2  Wang02 ++ ++ ++ ++ ++  0.13 0
T639 e in heptad-repeat A% HXB2  Lee92 ++ ++ + 0.083 0.202
Glycosylation site
N637 A HXB2 Cao93 ++ - - - —
1642 a in heptad-repeat A HXB2  Wang02 ++ - ++ - ++ 0.094 0
A HXB2  Markosyan(02 ++
S HXB2 ++
H643  binheptad-repeat Y20  LAI Bahbouhi01 ++ ++ ++ ++ 0.115 0
Y LAI Sanders03a ++
L645  din heptad-repeat A H64333  Wang02 ++ ++ ++ ++ + 0 0
E647  fin heptad-repeat L HXB2  Cao93 ++ + ++ ++ 0.188 0.173
S649  ain heptad-repeat A HXB2  Wang02 ++ ++ ++ ++ ++ 0401 O
Q652 din heptad-repeat L HXB2  Cao93 ++ ++ + ++ ++ 0.047 0.101
L HXB2  Shu00 ++
A HXB2  Wang02 ++ ++ ++ ++ ++
K655  ginheptad-repeat  R33  BHS Poumbourios95  ++ o+t ++ 0213 1.093
N656  ain heptad-repeat L HXB2  Cao93 ++ ++ + ++ ++ ++ - + 0 0
L663  2F5 epitope F HXB2  Cao93 ++ ++ ++ 0.047 0.101
K665  2F5 epitope R¥3  BHS8 Poumbourios95  ++ e ++ 0.451  0.922
W666  2F5 epitope P HXB2  Cao93 ++ ++ ++ ++ ++ 0.047  0.101
A HXB2, Salzwedel99 ++ ++ ++ ++
NL4-3
S668  2F5 epitope N2  HXB2 Back93 ++ 0.497  0.573
L669 P HXB2  Cao93 +++ + ++  ++ ++ 0.047 0
w670 A HXB2, Salzwedel99 ++ ++ ++ ++ 0.047 0
NL4-3
N671  4E10/z13 epitope P HXB2  Cao93 ++ ++ ++ ++ ++ 0.713  0.945
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W672  4E10/z13 epitope S HXB2  Cao093 ++ ++ ++ + ++t+ ++ 0 0
S HXB2, Salzwedel99 ++ ++ ++ ++
NL4-3
P HXB2, ++ ++ ++ ++ — +
NL4-3
F HXB2, ++ ++ ++ ++ o+ +
NL4-3
F673 4E10/z13 epitope P HXB2  Cao93 ++ ++ ++ + ++ ++ 0.94 0
S$3*  HXB2  Stern9s ++ ++
N674  4E10/z13 epitope H HXB2  Lee92 ++ ++ ++ ++ 1.038  1.375
S NL4-3  Dash94 ++ ++ ++ ++
D28 SHIV-  Si01 ++
HXBc2P
1675 4E10/z13 epitope S HXB2  Cao93 ++ ++ + ++ ++ 0 0
M2  HXB2 Back93 ++
N677 R HXB2  Cao93 ++ ++ + ++ ++ 1.237 0.769
W678 A HXB2 Cao93 ++ ++ + ++ ++ 0 0
A HXB2, Salzwedel99 ++ ++ ++ ++
NL4-3
W680 A HXB2, Salzwedel99 ++ ++ ++ ++ 0.047 0.101
NL4-3
Y681 P HXB2 Cao93 ++ ++ ++ ++ 0 0
K683 R BHS8 Mclnerney98 ++ ++ ++ ++ ++  ++ 0.375 0.325

Table footnotes:

I Residue numbering is based on HXB2 gp160, although the amino-acids studied may be different in the isolate used. The one-letter code for amino acids is used
ZPI: primary isolate

3 As assessed by western blot or immunoprecipitation. —, minimal or no expression; +, reduced expression; ++, expression similar to WT; +++, increased expression
4As assessed by surface biotinylation, iodination or FACS. When soluble gp140 constructs were used, the relative secretion levels (western blot or immunoprecipi-
tation) are given. —, minimal or no expression; +, reduced expression; ++, expression similar to WT; +++, increased expression

3 As assessed by western blot or immunoprecipitation in combination with densitometric measurements. —, minimal or no processing; +, reduced processing; ++,
processing similar to WT; +++, increased processing
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6As assessed by western blot or immunoprecipitation in combination with densitometric measurements. —, minimal or no association; +, reduced association; ++,
association similar to WT; +++, increased association

7 As assessed by immunoprecipitation with CD4-based reagents. ++, similar to WT; +++, increased CD4 binding

8 As assessed by immunoprecipitation. —, no shedding; +, reduced shedding; ++, shedding similar to WT; +++, increased shedding. Note that CD4-induced shedding
and to a lesser extent gp120 association (i.e., the reverse of shedding), when measured in laboratory isolates, might be diminished in primary isolates that can retain
gp120 more efficiently.

?As assessed by syncytium formation or reporter gene assays. —, fusion lower than 3% of WT; +, fusion between 3 and 30% of WT; ++, fusion greater than 30% of
WT

10Ag assessed by western blot or immunoprecipitation. —, minimal or no incorporation; +, reduced incorporation; ++, incorporation similar to WT

ITAs assessed by various assays (replication complementation, use of reporter genes, p24 production). —, entry lower than 3% of WT; +, entry between 3 and 30%

of WT; ++, entry greater that 30% of WT
12_ no apparent replication; +, replication with a delay of more than 2 days compared to WT; ++ replication similar to WT

13 As assessed by sucrose gradient fractionation, immunoprecipitation, velocity sedimentation or FPLC, unless indicated otherwise. —, oligomerization below 25%
of WT; +, oligomerization between 25% and 50% of WT; ++, oligomerization similar to WT. No distinction between dimerization, trimerization or tetramerization
is made.

14 A5 assessed by Blue Native-PAGE. +, trimerization similar to WT SOS gp140 (occasional trimerization); ++, slightly more trimerization than in WT; +++,
significantly more trimerization than in WT.

I5As analyzed using the N34(L6)C28 or N36(L.6)C34 peptide model, unless indicated otherwise. —, melting temperature (7;,) below 40°C; +, T,, between 40°C and
60°C; ++, T,, between 60°C and 80°C; +++, T, over 80°C

16 Analyzed in a double mutant, A5S12V + F519L

"Four amino-acid insertion GIPA

18Six amino-acid insertion [HRWIA

¥Tnvolved in cell line adaptation

20T dentified in an isolate which is resistant to the furin inhibitor (¢t 1-PDX)

2! Analyzed in soluble SOS gp140 constructs and so also contain the A5S01C and T605C substitutions
ZInvolved in T-20 resistance

23 Analyzed in soluble gp140

24 Analyzed in an N-peptide/Protein A fusion protein

25 Analyzed in an N-peptide/maltose binding protein (MBP) fusion protein

26Thermal stability (74) or oligomerization (53) of N-peptides analyzed in the absence of C-peptides
27 Analyzed in a triple mutant L576C + Q577C + A578G

ZInvolved in neutralization resistance

29 Analyzed in a double mutant Y586C + L587C

30 Analyzed in combination with gp120 cysteine substitutions in the context of soluble gp140
3lnvolved in resistance to soluble CD4
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Generates a new glycosylation site

33 Analyzed in a double mutant K655R + K665R

34 Analyzed in a double mutant A582T + F673S
3Data on this mutant were corrected in reference 73
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Introduction

Computational methods used in vaccine design have been changing drastically
in recent years. In classical immunological research results could be recorded by
pen and pencil or in a spreadsheet, but new experimental high-throughput meth-
ods such as sequencing, DNA arrays, and proteomics have generated a wealth of
data that are not efficiently handled and mined by these approaches. This has fu-
eled the rapid growth of the field of Immunological Bioinformatics (or Immuno-
informatics) that addresses how to handle these large amounts of data in the field
of immunology and vaccine design. Many of the methods have been made avail-
able on the Internet and can be used by experimental researchers without expert
knowledge of bioinformatics. This review attempts to give an overview over the
methods currently available and to point out the strengths and weaknesses of the
different methods.

Immunological processes described by prediction servers

Only a small fraction of the possible peptides that can be generated from proteins
of pathogenic organisms actually generate an immune response. In order to be
presented to CD8+ T cells a precursor peptide must be generated by the protea-
some. This peptide may be trimmed at the N-terminal by other peptidases in the
cytosol (Levy et al., 2002). It must then bind to the transporter associated with
antigen processing (TAP) in order to be translocated to the endoplasmatic reticu-
Ium (ER). Here it can be trimmed N-terminally by the aminopeptidase associated

In HIV Molecular Immunology 2002. Bette T. M. Korber, Christian Brander, Barton F. Haynes,
Richard Koup, Carla Kuiken, John P. Moore, Bruce D. Walker, and David 1. Watkins, editors. Pub-
lisher: Los Alamos National Laboratory, Theoretical Biology and Biophysics, Los Alamos, New
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with antigen processing (ERAAP) while it binds to the major histocompatibility
complex class I (MHC I) molecule (Serwold, 2002). Hereafter it is transported
to the cell surface. Only half the peptides presented on the cell surface are im-
munogenic probably due to the limited size of the T cell receptor (TCR) reper-
toire. The most selective step is binding to the MHC I molecule, since only 1/200
binds with an affinity strong enough to generate an immune response (Yewdell,
1999). For comparison the selectivity of TAP binding is reported to be 1/7 (Uebel
et al., 1997). This all happens in competition with other peptides so in order for
a peptide to be immunogenic (immunodominant) it must go through the above
described process more efficiently than other peptides produced in a given cell
(Reviewed by Yewdell, 1999).

Whereas the MHC I molecule mainly samples peptides from the cytosol,
the MHC II molecule presents peptides from endocytosed proteins. Unfolded
polypeptides bind to MHC II in the endocytic organelles (Reviewed by Castllino,
1997). Both MHC I and MHC II are highly polymorphic, and the specificity of
the alleles are often very different. Different individuals will thus typically react
to a different set of peptides from a pathogen.

The sp